Study Objectives: Total sleep time (TST), sleep effi ciency (SE), sleep latency (SOL) and wake after sleep onset (WASO) assessed by actigraphy gathered in 3 different modes were compared to polysomnography (PSG) measurements to determine which mode corresponded highest to PSG. Associations of measurement error for TST (PSG-actigraphy) with demographics, medical history, exam data, and sleep characteristics were examined. Methods: Participants underwent in-home 12-channel PSG. Actigraphy data were collected in 3 modes: proportional integration mode (PIM), time above threshold (TAT) and zero crossings mode (ZCM). The analysis cohort was a subgroup of 889 men (mean age 76.4 years) from the MrOS Sleep Study with concurrently measured PSG and actigraphy. Intraclass correlation coeffi cients (ICCs) were used to compare the association between PSG and actigraphy. 
S C I E N T I F I C I N V E S T I G A T I O N S
T he measurement of sleep in humans has been typically performed using polysomnography (PSG), the "gold standard" for sleep-wake assessment. The use of wrist actigraphy has become more common in past years as an alternative to PSG for sleep-wake assessment. 1, 2 Actigraphy is a noninvasive, objective method for gathering data on movement via an accelerometer. These data are then used to infer sleep from wake using validated algorithms. Use of actigraphy has the benefi t over PSG of being less costly and invasive, and sleep can be monitored continuously for long periods of time. Typical parameters gathered by both PSG and actigraphy are total sleep time (TST), sleep effi ciency (SE), sleep onset latency (SOL), and wake after sleep onset (WASO).
There have been numerous studies showing good concordance for sleep-wake estimation between actigraphy and PSG. [3] [4] [5] [6] [7] [8] [9] [10] As noted by Ancoli-Israel and colleagues, different actigraphic devices may have different measurement of activity level and sleep-wake scoring algorithms, which make direct comparison of devices diffi cult. 1 There can also be differences in the accuracy of actigraphy for estimation of sleep among differing populations. For example, one study of elderly women and one study of adolescents that both used the same actigraph model and scoring algorithms found differing optimal modes of data collection when compared to PSG. 3, 7 Because of these issues it is preferred to validate actigraphic sleep-wake estimation within specifi c populations for specifi c actigraphic devices. To our knowledge there have been no studies comparing sleep measurements from actigraphy to PSG in older communitydwelling men.
Because actigraphy is often used to characterize sleep patterns in subgroups with different underlying pathologies, it is BRIEF SUMMARY Current knowledge/Study Rationale:This study was performed to examine whether total sleep time, sleep fragmentation, and sleep latency measured with wrist actigraphy were comparable to similar assessments using the gold-standard of PSG, and to determine which of 3 modes of data collection from this actigraph model were best. Potential causes of the difference between the 2 devices were examined. Study Impact: The PIM mode of actigraphy performed reasonably well, and is preferred in older community-dwelling men. A number of sleep related characteristics had a signifi cant impact on the accuracy of actigraphy for measurement of total sleep time, and should be considered when using actigraphy among populations with sleep disorders.
PSG recording was performed, but rather that the PSG was performed within one month of the clinical examination. The PSG recording was often done later due to scheduling issues or availability of equipment. Therefore, not all men with a PSG recording had an actigraphic recording done concurrently. There were 896 men with concurrent PSG and actigraphy recordings. Of these, 7 were not included in the analysis because they reported use of CPAP or bilevel PAP in the last 3 months, leaving 889 in this analysis subset. The institutional review boards at each clinic site approved the study, and written informed consent was obtained from all participants.
In-Home Polysomnography
All clinic staff that collected PSG data were required to go through formal, centralized training and pass a certification test before being allowed to oversee collection of sleep study data. PSG data were collected in the participant's home using the Compumedics Safiro Unit (Melbourne, Australia). Channels monitored included 2 central electroencephalographic (EEG) leads (C 3 /A 2 , C 4 /A 1 ), bilateral electrooculogram (EOG), a bipolar submental electromyogram (EMG), thoracic and abdominal respiratory inductance plethysmography, airflow (by a nasaloral thermocouple and nasal pressure cannula), finger pulse oximetry, electrocardiogram (ECG), body position, and bilateral leg movements (with piezoelectric sensors). After studies were downloaded, they were transferred to the Central Sleep Reading Center (Cleveland, OH) for centralized scoring by a trained technician. Sleep stages and arousals in the PSG data were scored by certified scorers using standard criteria. 19, 20 Sleep was staged in 30-sec scoring epochs. Scorers were blinded to the results of the actigraphy data. The sleep period was defined as the time from reported lights off to morning awakening. Apneas were defined by the absence or near absence of airflow on thermistor for ≥ 10 sec. Hypopneas were defined by a decrease in breathing amplitude of ≥ 30% for ≥ 10 sec with an oxygen desaturation of 4% or more. The apnea-hypopnea index (AHI) was defined as apneas plus hypopneas/h of sleep time. Sleep onset latency was defined as the first 2 continuous min scored as sleep, and wake after sleep onset was defined as the min awake during the sleep period after sleep onset latency. Sleep efficiency was defined as the percent of time scored as sleep during the sleep period. Nocturnal hypoxia was calculated from PSG as the percent of time during sleep with oxygen saturation (SpO 2 ) < 90%. Leg movements were scored according to the American Academy of Sleep Medicine (AASM) criteria (> 4 consecutive 0.5 to 5-sec movements, each separated by 5-90 sec). 21 Leg movements that occurred at the termination of respiratory events were not considered in the calculation of periodic leg movements during sleep (PLMS) unless they were part of a cluster of ≥ 4 leg movements in which ≥ 2 leg movements occurred independently of respiratory event termination. Those PLMS associated with EEG arousals were also calculated. These PLM counts were summarized as an index per hour of sleep (PLMI and PLMAI).
The outcomes of TST, SE, SOL, and WASO were used as continuous variables for comparison to the corresponding actigraphic measures. For summary purposes categorizations of continuous variables were made as follows: TST using the categories ≤ 5 h, > 5 to 7 h, and > 7 h; SE using the categories < 70%, 70 to < 80%, 80 to < 85%, and ≥ 85%; SOL using the important to understand whether systematic misclassification of coding wake as sleep and vice versa influences the quantification of sleep patterns. Many studies examined homogeneous samples consisting of those with sleep disordered breathing, 5, 6 insomnia, 9,11-14 depression, 15 or healthy volunteers. 4, 16 Some have had small sample sizes. 4, [11] [12] [13] [14] [15] [16] However, both small and/ or homogeneous samples prevent the examination of the association of factors related to misclassification of sleep and wake from actigraphy. A few studies have examined the relationship of misclassification among subgroups within a population. 3, 7 These studies found that while actigraphy does reasonably well estimating sleep from wake, there is less accuracy in subsets such as those with sleep disordered breathing or poor sleep quality. 3, 7 The Outcomes of Sleep Disorders in Men (MrOS Sleep) Study provides a unique opportunity among a large population of community-dwelling older men to investigate whether TST, SE, SOL, and WASO measured using the actigraph model Sleepwatch-O (Ambulatory Monitoring, Inc, Ardsley, NY) were comparable to similar assessments using PSG, and to determine which of 3 different modes of data collection from this actigraph model were optimal for assessment of sleep in older men. The study was large enough to examine whether differences in estimation of the outcome of TST from PSG and the preferred mode of actigraphy are significantly associated to the presence of sleep problems, comorbidities, demographic or anthropometric factors.
METHODS

Participants
The MrOS Sleep Study recruited 3135 men between December 2003 and March 2005 from a larger study of 5994 men, the Osteoporotic Fractures in Men (MrOS) Study. Communitydwelling men aged 65 and older were recruited to participate in the MrOS study at 6 US clinical centers in Birmingham, AL; Minneapolis, MN; Palo Alto, CA; the Monongahela Valley near Pittsburgh, PA; Portland, OR; and San Diego, CA. At the time of the baseline visit men were ineligible for the study if they had a history of a bilateral hip replacement or were unable to walk without the assistance of another person. 17, 18 Of the 2859 men who did not participant in the ancillary MrOS Sleep Study, 344 died before the sleep visit, 36 had already terminated the study, 332 were not asked because recruitment goals had already been met, and 1997 refused. One hundred fifty men were not eligible for the study due to an open tracheotomy or use of CPAP, bilevel PAP, sleeping with a mouthpiece for snoring or sleep apnea, or using oxygen therapy in the past 3 months with the inability to forgo use of these devices for the PSG recording. However, 49 men who reported intermittent use of one of these devices are in the MrOS Sleep Study, and 17 of these men were able to forgo use of the device on the night of the in-home polysomnography.
There were 3058 men with actigraphy data gathered and 2911 men with PSG data gathered, with 2865 having data for both measures. The actigraph recording was typically started the day of the clinic exam. The study protocol did not specifically require that the participants wear the actigraph while the TST, SOL, WASO, and SE as measured by PSG, and each of the 3 modes of actigraphy data collected are presented to show the direction of any bias. Absolute differences are presented to quantify the overall magnitude of differences among measurements without taking into account the direction of the difference (positive or negative).
Other Measurements
At the time of the Sleep Visit all participants completed questionnaire data, which included questions about demographics, medical history, self-reported health, alcohol use, and smoking status. Caffeine consumption was estimated based on self-report of the average daily number of cups of caffeinated coffee, tea, or soda consumed. 26 Physical activity was assessed using the Physical Activity Scale for the Elderly (PASE). 27 The Geriatric Depression Scale (GDS) was used to assess depressive symptoms, with the standard cutoff of ≥ 6 symptoms used to define depression. 28 Information to compute the Goldberg anxiety scale was also collected, and the cutpoint of ≥ 5 was used to define clinically significant anxiety. 29 The Pittsburgh Sleep Quality Index (PSQI) was completed. 30, 31 At the Sleep clinic visit, the Epworth Sleepiness Scale (ESS) was completed with the cutpoint of ESS > 10 used to define excessive daytime sleepiness. 32, 33 The Teng Modified-Mental State Examination (3MS) was administered to assess cognitive function, with higher scores on a scale of 0 to 100 representing better cognition. 34 Functional status was assessed by collecting information on 5 instrumental activities of daily living (IADL), which included walking 2 to 3 blocks on level ground, climbing up to 10 steps, preparing meals, doing heavy housework, and shopping for groceries or clothing. 35, 36 Tests of physical function included walking speed (time in seconds to walk 6 meters at usual pace expressed as meters/sec). A comprehensive examination included measurements of resting blood pressure, body weight and height. Body mass index (BMI) was calculated as weight in kilograms divided by the square of height in meters. Obesity was defined as a BMI ≥ 30 kg/m 2 . Circumference at the waist was measured in a standardized fashion. 37 All prescription and nonprescription medications taken 24 h prior to and during the PSG recording were collected by the clinics and stored in an electronic medications inventory database (San Francisco Coordinating Center, San Francisco, CA). Each medication was matched to its ingredient(s) based on the Iowa Drug Information Service (IDIS) Drug Vocabulary (College of Pharmacy, University of Iowa, Iowa City, IA).
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Statistical Analysis
Characteristics of this subset of 889 men and the remaining 2246 in the MrOS Sleep Study cohort were summarized by means and standard deviations (SD) for continuous variables, and counts and percentages for categorical variables. Differences in these characteristics between the 2 groups were analyzed using t-tests for continuous normally distributed variables, Wilcoxon rank-sum tests for continuous data with skewed distributions, and χ 2 tests for categorical characteristics. The differences between TST, WASO, SOL, and SE as assessed by the gold standard PSG measurement and those from actigraphy were examined using paired t-tests. Agreement between the 2 methods of sleep assessment was examined with categories < 15 min, 15 to < 30 min, ≥ 30 min; WASO in the categories < 45 min, 45 to < 90 min, ≥ 90 min; AHI using the cut points < 5, 5 to < 15, 15 to < 30, and ≥ 30; nocturnal hypoxia was categorized as < 1%, 1 to < 3.5%, 3.5% to < 10% and ≥ 10%; both PLMI and PLMAI were categorized as 0, > 0 to < 5, 5 to < 15, and ≥ 15.
Wrist Actigraphy
The Sleepwatch-O (Ambulatory Monitoring, Inc, Ardsley, NY) was used. This actigraph, which looks like a wristwatch, measures movement using a piezoelectric biomorph-ceramic cantilevered beam, which generates a voltage each time the actigraph is moved. These voltages are gathered continuously and stored in 1-min epochs. The term "mode" is used to refer to the technique with which different measures were obtained. Data were collected in the 3 modes of zero crossings (ZCM), proportional integration mode (PIM), and time above threshold (TAT). In ZCM mode the conditioned transducer signal is compared with a sensitivity threshold of zero. The number of times the signal voltage crosses zero voltage is summed over the epoch. The ZCM mode is a measure of frequency of movement. The PIM mode is a high-resolution measurement of the area under the rectified conditioned transducer signal (area under the curve). The PIM mode is a measure of activity level or vigor of motion. In TAT mode the amount of time in tenths of a second spent above the sensitivity threshold is gathered over the epoch. The TAT mode measures time spent in motion or duty-cycle (the time spent in an active state). 1, 22 Actigraphy data were transferred to the San Francisco Coordinating Center (San Francisco, CA) for centralized processing. Centralized training and certification were also required for clinic staff gathering actigraphy data. Action W-2 software was used to score the data. 23 Sleep scoring algorithms available in this software were used to determine sleep from wake times. The Cole-Kripke algorithm was used for data collected in the ZCM mode, and the University of California, San Diego (UCSD) scoring algorithm was used for data collected in the PIM and TAT modes. 24, 25 These algorithms calculate a moving average, which takes into account the activity levels immediately prior to and after the current minute to determine if each time point should be coded as sleep or wake. Although the UCSD algorithm is available for the ZCM mode and the Cole-Kripke algorithm is available for the PIM and TAT modes, previous comparisons using the same model of actigraph have shown a very high rate of agreement between the scoring algorithms within mode. 3, 7 Therefore, the default algorithm for each mode that was selected by the software was used in this analysis. SE, SOL, and WASO were defined similarly to PSG for comparison.
The men wore the actigraphs for a minimum of 4 consecutive 24-h periods. For those 889 men who wore the actigraph concurrent with their PSG recording, the actigraphy files were edited to include only the time period that was assessed by both methods. None of the men removed their actigraphs during this time period. Clock times for PSG and actigraphy were not synchronized, so there may be slight differences in machine times.
Sleep Parameters
The outcome measures of TST, sleep fragmentation (WASO and SE), and SOL were examined. The differences between the PIM mode than other actigraphic modes, with an average overestimation of TST of 13.2 min (range -280 to 329 min) and an absolute difference of 52.9 min on average. The TAT mode overestimated sleep on average by 22.1 min (range -276 to 386 min), while the ZCM mode underestimated sleep by an average of 59.0 min (range -235 to 436 min). While these differences are statistically significant, the intraclass correlation coefficients of the PSG measurement of TST and the data from the PIM and TAT mode of actigraphy were moderate (0.57 for the PIM mode, 0.47 for the TAT mode). Examining the Bland and Altman plots comparing PSG to actigraphic TST showed a systematic bias towards overestimation for the PIM and TAT modes which increased with decreasing sleep duration (p < 0.0001, Figure 1 ). The plots also show the actigraphic TST measurement corresponded more closely to PSG when TST was longer, showing a systematic bias in misclassification for short sleepers. When subset to those with PSG sleep duration of 6-8 h, there is no significant systematic bias for the actigraphic estimation of TST by the PIM or TAT modes (p > 0.29). The mean difference between actigraphic and PSG measurement of TST was closer to 0 (agreement) for the PIM mode, which had a more compact clustering of differences, a more compact 95% confidence interval for the mean difference, and less points falling outside of these 95% confidence intervals.
The PIM mode of actigraphy also corresponded better with PSG for measures of sleep fragmentation and SOL. For all 3 modes, there was a significant difference between the 2 procedures in estimation of WASO, SOL, and SE (p < 0.01). For the PIM mode, there was an average underestimation of 11.6 minutes for WASO (range -300 to 278 minutes) and an ICC of 0.54 ( Table 2) . SE estimation was slightly overestimated, on average, by the PIM mode (2.6%), while SOL was slightly underestimated (2.8 min on average).
Associations of Participant Characteristics and the Differences between TST from PSG and Actigraphy (PIM Mode)
The variables associated with misclassification of TST by actigraphy are shown in Table 3 . The 2 indices related to sleep disordered breathing (SDB), AHI and nocturnal hypoxia, had a linear relationship to actigraphic misclassification of TST (p < 0.001). Those categories with low levels of SDB showed a mean overestimation of TST by actigraphy of about 25 min (23.3 min for time with nocturnal hypoxia < 1%; 24.9 min for AHI < 5). For those with the highest levels of SDB the relationship is reversed: actigraphy underestimated TST, on average by about 16 min (16.7 min for nocturnal hypoxia ≥ 10%; 16.3 min for AHI ≥ 30). Of note, the ICC for those with an AHI ≥ 30 was 0.36, which was considerably lower than what is seen in the entire study population. Short sleepers (≤ 5 h) had an average overestimation of TST by actigraphy of 29 min (p < 0.01). Those with TST > 7 h showed very little misclassification (mean overestimate of 7.2 min). Those with higher rates of sleep fragmentation as measured by PSG SE and WASO showed a systematic overestimation of TST by actigraphy (p < 0.001). For those with PSG WASO ≥ 90 min, there was an average overestimation of TST by 30.9 min, while those with PSG SE < 70% had an average overestimation of 44.9 min. For those with lower levels of sleep fragmentation there was simple correlations and with intraclass correlation coefficients (ICC) and 95% confidence intervals (CI) which were computed using a 2-way analysis of variance. 39 Bland and Altman plots were presented to assess systematic bias in the differences in measurement of TST. 40 Formal tests of systematic bias were performed using simple linear regression models to examine whether the scatter in the Bland and Altman plots was heteroscedastic. 41 Continuous covariates that could potentially explain the differences between the PSG and actigraphy measurements of the outcome of TST were classified into categories. Quartiles were used for age, caffeine, cognition, walking speed, physical activity (PASE), and waist circumference. Other continuous covariates were categorized using cut points from previous analyses or standard definitions as described above. Presence of statistically significant differences between the misclassification of TST by the preferred mode of actigraphy and these covariates were examined using ANOVA. The mean difference between TST assessed by PSG and the preferred mode of actigraphy and the ICC (95% CI) are shown by category of the covariate.
Linear regression models were performed to examine if associations of the difference between TST calculated by PSG and by the preferred mode of actigraphy (PSG -actigraphy) and a given covariate still held after adjustment for clinic site, PSG TST, AHI, and PLMI. The dependent variable in these models was the difference between the 2 devices rather than the absolute difference between the 2 devices in order to examine the direction of association.
All significance levels reported were 2-sided, and all statistical analyses were performed using SAS software, version 9.2 (SAS Institute, Inc, Cary, NC).
RESULTS
Characteristics of the Study Population
Of the 2865 men with both PSG and actigraphy data, 889 (31%) had concurrent data from both methods. There were few men from the Birmingham, AL, or Palo Alto, CA, clinic sites with concurrent measurement of PSG and actigraphy. These 889 men were 76.4 years old on average, with Caucasians making up 93% of this analysis subset ( Table 1) . The mean time spent in bed during the PSG recording was 7.9 ± 1.2 h, with an average TST from PSG of 5.9 h, mean WASO of 112.0 min, sleep efficiency averaging 74.5%, an average sleep onset latency of 12.53 ± 20.53 min, and a mean AHI of 12.0 ( Table 1) . In comparison to the remaining 2246 participants in the MrOS Sleep Study cohort, this subset of 889 men were more likely to be Caucasian, had lower rates of stroke, had slightly higher levels of cognitive function, had slightly higher systolic and diastolic blood pressure, had lower rates of excessive daytime sleepiness, and had less TST and time in bed (p < 0.05; Table 1 ).
Comparison of TST, SE, SOL and WASO Calculated by PSG and Actigraphy
There was a statistically significant difference between the estimation of the outcome of TST by the gold standard PSG and all 3 modes of actigraphy (p < 0.01 for paired t-test, Table 2 ). Higher levels of agreement with PSG were observed for the raphy recordings had a rate of overestimation similar to that of the entire study population, while users of antidepressants had an underestimation of 20.5 minutes, on average (p < 0.001). Those with higher BMI showed better agreement of TST measured by actigraphy and PSG (p < 0.001). Those classified as obese (BMI ≥ 30 kg/m 2 ) showed a slight underestimation of TST by actigraphy (2.2 min on average). Those in the lowest quartile of waist circumference had an average overestimation of 23 minutes. This misclassification was reduced as the quartiles increase. Those who met the criteria for excessive daytime sleepiness (ESS > 10) showed the best agreement of actigraphy and PSG (p = 0.03). All associations but that of BMI held after adjustment for clinic site, PSG TST, AHI, and PLMI.
No other characteristics examined, including age, race, medical conditions, depression, functional status, sleep onset latency, and cognition were significantly associated to the difference in PSG and actigraphic PIM mode estimation of TST (p > 0.10, data not shown).
an average underestimation of about 19 min. For those without periodic leg movements during sleep or those with no PLMs causing arousals there was an overestimation of actigraphic TST by about half-hour (p < 0.001). As levels of PLM without arousal rose, these overestimations were reduced, bringing the average overestimation closer to 0. For those with ≥ 15 PLMs causing arousals per hour of sleep the direction of misclassification was reversed: the actigraph underestimated the TST an average of 25 minutes. All associations held after adjustment for clinic site, PSG TST, AHI, and PLMI. For example, the adjusted means of the difference in PSG and actigraphy-measured TST for categories of PSG WASO were 24.3 of underestimation for those with PSG WASO < 45 min, an underestimation of 5.6 min for those with PSG WASO 45 to < 90 min, and an adjusted average overestimation of 31.6 min for those with PSG WASO ≥ 90 min.
A few non-PSG characteristics were also associated to actigraphic misclassification of TST. Those who did not take antidepressants on the night the concurrent PSG and actig- measurement between the PIM mode of actigraphy and the gold standard of PSG were relatively small (SE 2.6%, SOL 2.8 min, WASO 11.6 min). The misclassification of sleep and wake by actigraphy was magnified by underlying sleep related problems. On average, those with short sleep periods as estimated by PSG tended to have an overestimation of TST by actigraphy. Those with higher levels of sleep fragmentation also had an overestimation of TST by actigraphy. There are previous studies with populations of insomniacs and those with other sleep disorders that have also found an overestimation of sleep by actigraphy. 9, 11, 13 This overestimation may be due to long periods of wakefulness that were unaccompanied by movement, causing the sleep scoring algorithms to detect sleep rather than wake. Those with higher levels of sleep disordered breathing had an average underestimation of sleep by actigraphy, possibly caused by the sleep scoring algorithm classifying as wake those slight SDB-associated movements which are not accompanied by an EEG arousal. This average underestimation of TST among those with SDB is consistent with previous results. [5] [6] [7] While the magnitude of measurement error was larger in these subgroups with sleep problems and may be clinically significant, the inaccuracy of measurement occurs most in these more severe subgroups that would be easier to identify. The
DISCUSSION
The results from this study of community-dwelling older men suggest a moderate correlation between the outcome of TST measured concurrently with PSG and actigraphy with both the PIM and TAT modes of data collection, and a low correlation with the ZCM mode. The PIM mode corresponded more closely to the PSG estimation of TST than the estimations from the other two actigraphic modes. The results also suggest some systematic misclassification of sleep and wake by actigraphy. Overall, there was an overestimation of TST by actigraphy, which corresponded to results from other studies consisting of participants that were not selected on the basis of sleep complaints. 3, 4, 10, 16 The average difference in measurement of TST between the PIM mode and PSG was only 13 minutes, with an average error rate of 4.6%. It is likely this average measurement error would not be considered clinically significant or effect diagnosis and treatment decisions.
The results from the outcomes of WASO, SOL, and SE were largely similar to the TST results, with moderate correlations between the measurements from PSG and the actigraphic modes of PIM and TAT, and low correlations for the ZCM mode. Once again, the PIM mode of actigraphy corresponded better to PSG for these measurements. As with TST, the average differences in older men, or to other to actigraphic devices. The study protocol did not require concurrent PSG and actigraphy recording, making it impossible to include all men with data from both measures. Those men not included in our analysis did differ from our analysis subset on some characteristics, most notably levels of excessive daytime sleepiness, time spent in bed, and total sleep time. Clock times for PSG and actigraphy were not synchronized, so there may be slight differences in machine times. PSG data were collected in 30-sec epochs, actigraphy data in 1-min epochs. Because of the lack of synchronization and differing epoch lengths, direct comparison of each epoch was not possible.
In conclusion, data from actigraphy estimated TST, SE, SOL, and WASO reasonably well when compared to PSG estimations. The PIM mode of actigraphy correlated best to PSG estimations of sleep and wake in this population of community-dwelling older men, and could be used as a proxy measure for the sleep parameters examined. A number of sleep related characteristics had a significant impact on the accuracy of actigraphy to measure total sleep time. Actigraphy underestimated total sleep time for those with excessive daytime sleepiness, those with lower levels of sleep fragmentation, and those with higher levels of sleep disordered breathing. Actigraphy overestimated total sleep time for benefit of actigraphy is the ability to measure sleep for multiple nights, which allows examination of sleep patterns. This study found no association between the misclassification of TST by actigraphy with SOL, demographic, lifestyle, depression, anxiety, cognition, blood pressure, physical activity level or medical history data, which was similar to findings of another similar study. 3 There was a relationship found between the misclassification of TST and body size, with less misclassification among the obese and those in the highest levels of waist circumference.
The study has several strengths. To our knowledge, this is the largest study examining the estimation of sleep and wake from wrist actigraphy compared to polysomnography. The community-dwelling men in this large population were not selected for inclusion based on sleep problems. The size and heterogeneous population allowed us to have the statistical power to examine the potential underlying causes of misclassification of sleep and wake by actigraphy. We compared three different modes of actigraphy to polysomnography. Data were collected in the home rather than a sleep laboratory, so disruption of sleep in an unfamiliar environment was minimized.
This study also had several limitations. The findings may not be generalizable to populations other than community-dwelling 
